Recebido em 2/3/05; aceito em 5/8/05; publicado na web em 20/1/06 Zidovudine (AZT) and stavudine (D4T) are nucleoside reverse transcriptase inhibitors extensively used in human immunodeficiency virus (HIV) infected patients. In order to evaluate the quality of these drugs, two stability indicating HPLC methods were developed. The validated methods were applied in quantitative determination of AZT, D4T and their induced degradation products in capsule preparations. The stability studies were conducted at controlled temperature and relative humidity conditions based on the International Conference on Harmonization stability studies protocol for Zone IV areas. Easy sample preparation and low-cost make these methods especially useful for quality control and stability studies of AZT and D4T in drug products.
INTRODUCTION
Zidovudine (3'-azido-3'-deoxythyimidine) (AZT) and stavudine (3'-deoxy-2'-thymidinene; 3'-deoxythymidin-2'-ene) (D4T) are most widely used substances in acquired immunodeficiency syndrome (AIDS) treatment. These antiviral agents have potent inhibitory effect on human immunodeficiency virus (HIV) [1] [2] [3] . For quantitative determination of there antiretroviral agents several analytical techniques has been used, such as thin layer chromatography 4, 5 , derivative ultraviolet spectrometry 6, 7 , capillary electrophoresis [8] [9] [10] and high performance liquid chromatography (HPLC) . Amongst these the later is a wellaccepted analytical technique for quantitative determination of active pharmaceutical ingredients. The refereed HPLC methods had been described for AZT and D4T determination in biological fluids and to a lesser extent in drug products 40, 41 . Majority of these methods involve expensive and difficult instrumentation such as column-switching, gradient chromatographic systems and tandem mass spectrophotometric detectors that makes these methods inaccessible for routine quality control and stability studies applications. In this paper are described simple and rapid methods for quantitative determination of AZT and D4T and thymine, a degradation product, in capsule samples by reverse phase HPLC. The HPLC method allows AZT, D4T and thymine determination in a shorter interval of time. Early peak elution, easy sample preparation and inexpensive aqueous solvents make these methods especially useful in quality control and in routine analysis of AZT and D4T as well as thymine (a known degredent) in drug products.
EXPERIMENTAL PART Apparatus
The HPLC separations were made on a system consisting of a Varian ® solvent delivery pump (model 5000) and a Varian ® variable ultraviolet (UV) detector (model 4000) set at 265 nm connected to a Varian ® integrator (model 4400). The system was equipped with a Rheodyne ® 7125 injection valve fitted with a 20 μL loop.
Reagents and solutions
All reagents and solvents were of analytical grade. Methanol (Merck ® ) used in the mobile phase was of HPLC grade. Purified water was prepared by a MilliQ ® Plus water purification system (Millipore ® , São Paulo, Brazil). All the solutions and mobile phases were prepared fresh on the same day. All solvents and solutions for HPLC analysis were filtered through a membrane filter (Durapore 
Chromatographic conditions
All tests were carried out at room temperature (25 ± 2 °C). for AZT and (15:85 v/v) for D4T, at a flow rate of 1.0 mL min -1 . The system was washed with the mobile phase for at least 60 min prior to analysis of samples.
Calibration curves
Solutions of AZT ranging from 70.0 to 150.0 μg/mL and solutions of thymine ranging from 0.5 to 4.0 μg/mL were prepared in methanol:water (25:75 v/v) and solutions of D4T ranging from 30.0 to 100.0 μg/mL and thymine 0.8 to 2.0 μg/mL were prepared in methanol:water (15:85 v/v). At each concentration level, triplicate standard solutions were analyzed. The calibration curves were constructed by plotting the mean peak areas against corresponding concentration of AZT, D4T and thymine.
AZT solution preparation
An amount of sample equivalent to 100.0 mg of AZT was accurately weighed and transferred to a 100 ml volumetric flask. About 50 ml of methanol was added, followed by sonication for 30 min and the volume was made up with the same solvent. The obtained solution contains 1000.0 μg/mL of AZT. Standard solutions of AZT were prepared in a similar manner to obtain 1000.0 μg of AZT per milliliter. Further dilutions of sample as well as standard solutions were made with mobile phase and were filtered before analysis.
D4T solution preparation
An amount of sample equivalent to 50.0 mg of D4T was accurately weighed and transferred to a 100 mL volumetric flask. About 50 mL of water was added, followed by sonication for 30 min and the volume was made up with the same solvent. The obtained solution contains 500.0 μg/mL of D4T. Standard solutions of D4T were prepared in a similar manner to obtain 500.0 μg/mL of D4T. Further dilutions of sample as well as standard solutions were made with mobile phase and were filtered before analysis.
Thymine solution preparation
Accurately weighed 100 mg of thymine was transferred to 100 mL volumetric flask. About 50 mL of methanol was added, followed by sonication for 30 min, and the volume was made up with the same solvent. A 1.0 ml aliquot of filtered solution was transferred to a 50 mL volumetric flask and diluted to volume with methanol to obtain 20.0 μg of thymine/mL. The above solution was diluted with the respective mobile phases to construct calibration curve and for analysis of thymine along with AZT or D4T. All standard and sample solutions were filtered before injection (20 μL) into the HPLC system.
Specificity and selectivity
The interference from endogenous compounds was investigated by the analysis of three different blank matrices under the same analytical conditions used for sample analysis. The blank matrices were prepared by mixing all the excipients present in pharmaceutical products under investigation.
Accuracy of chromatographic method
Accuracy of the proposed chromatographic methods was determined based on the recovery of standard from the spiked sample matrices. A known quantity of AZT standard solution was spiked into sample solution, followed by quantitative recovery of added standard using proposed method. For this purpose, 5.0 mL aliquots of sample solution (1000.0 μg/mL) were transferred to five 50 mL volumetric flasks. Five different aliquots (0.5, 1.0, 1.5, 2.0 and 2.5 mL) of standard containing 100.0 μg/mL of AZT were added to flasks containing sample solutions. The volumes were made to mark with mobile phase (methanol:water 25 
Stability studies on drug product
International Conference on Harmonization Protocols on Stability Testing of New Drug Substances and Products 42 were followed in order to evaluate stability of AZT and D4T. In short, drug products were stored in predefined temperature and humidity conditions (25 ºC/70%, 40 ºC/75%, 50 ºC/90%) conditions for 90 days period. Appropriate quantities of samples were collected from stored drug products and analyzed with proposed method. The quantity of AZT, D4T and respective degradation product (thymine) were expressed as percentage of original quantity.
RESULTS AND DISCUSSION
The chromatogram of AZT and thymine standard and sample can be observed in Figure 2 . These substances were separated in reverse phase mode, using a mixture of methanol:water (25:75 v/v) as the mobile phase. The AZT could be eluted rapidly from column by increasing methanol content in mobile phase; however, the retention time of thymine was also reduced drastically. In order to obtain separate eluted peaks of AZT and thymine, in a shortest period, the methanol content was optimized to 25%. The chromatogram of D4T and thymine standard and sample can be observed in Figure 3 . System suitability tests are an integral part of the liquid chromatographic method. Precision and accuracy of two proposed methods were determined to prove the adequacy of the system for analysis. The proposed methods were validated based on carefully selected validation parameters indicated by Association of Official Analytical Chemists International and International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) 43, 44 . HPLC method for AZT and thymine showed linearity in a concentration range from 70.0 to 150.0 μg/mL and 0.5 to 4.0 μg/ mL, respectively with a correlation coefficient of 0.9995 and 0.9990, respectively. The second HPLC method for D4T and thymine showed linearity in a concentration range from 30.0 to 100.0 μg/ mL and 0.8 to 2.0 μg/mL, respectively with a correlation coefficient of 0.9999 and 0.9967, respectively ( Table 1) .
The precision of an analytical method can be evaluated by the relative standard deviation between repeated analysis data of same sample under similar analytical conditions. A method is considered precise if relative standard deviation amongst obtained results were less than 2.0% 45 . The precision of the method was established by determining the relative standard deviation in the analysis of samples of AZT and D4T on the same days. The relative standard deviation amongst responses (n=10) of AZT was 0.79% and those amongst D4T was 1.05%. The statistical data obtained in the analysis of commercially available sample are shown in Table 2 .
The recovery tests and the percentage of recovery were determined according to the recommendations of AOAC International 43 . The mean recovery of AZT and D4T standards from respective spiked sample solutions were 100.21 and 100.39% (RSD <2%) as determined at five different levels within the linear dynamic range of the standard curves. The results for percentage of recovery are presented in Table 3 whereupon substantiate accuracy of proposed methods.
Minor peaks were observed in the analysis of AZT capsule analysis, however these peaks do not interfere in the analysis. Figure 2 presents chromatograms of AZT standard, sample and placebo where as Figure 3 presents chromatograms of D4T standard, sample and placebo. In AZT and D4T placebo analysis, no interfering peak was observed.
According to ICH classification, Brazil belongs to climatic zone IV and has an average temperature of 26 ºC with 70% relative humidity (RH). According to ICH 42 , in climatic zone IV regions, accelerated stability studies should be carried out at 40 ºC / 75% RH during 6 months period and at 50 ºC / 90% RH during 3 months period. The AZT present in zidovudine capsule sample presented no significant degradation at 40 ºC / 75% RH (Table 4) . During 90 days study period at accelerated stability study conditions, no traces of thymine impurities were detected, counter to expected results. On the other hand, D4T capsule samples presented traces of thymine (4.10%) in original sample. The D4T capsule sample stored at 50 ºC / 90% RH, presented more than ten fold increase in thymine concentration (61.15%) during 90 days study period. The AZT and D4T samples stored at 50 ºC/90% RH presented zero order degradation kinetics (Table 4) .
CONCLUSION
The proposed methods enabled the separation and quantitative determination of AZT, D4T and thymine in capsules. UV detection at 265 nm was found to be suitable without any interference from capsules excipients and solvents in both methods. The ease of sample preparation, along with shorter retention time permits easy and efficient analysis of AZT and D4T in capsules. The repeatability and recovery tests performed with both methods confirmed their precision and accuracy. Both methods permit quantitative determination of synthetic impurity (thymine) present in respective capsule formulations. The proposed validated methods were successfully applied in the stability studies of AZT and D4T capsules. Both methods permitted quantitative determination of thymine, with precision and accuracy, in samples submitted to accelerated degradation process. The accelerated stability studies confirm linear and constant degradation of AZT and D4T, obeying zero order kinetics, at elevated temperature (50 ºC) and relative humidity (90%). 
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